To determine how vocally expressed emotion is processed in the brain, we measured neural activity in healthy volunteers listening to fearful, sad, happy and neutral non-verbal vocalizations. Enhanced responses to emotional vocalizations were seen in the caudate nucleus, as well as anterior insular, temporal and prefrontal cortices. The right amygdala exhibited decreased responses to fearful vocalizations as well as fear-speci®c inhibitory interactions with left anterior insula. A region of the pons, implicated in acoustic startle responses also showed fear-speci®c interactions with the amygdala. The data demonstrate: ®rstly, that processing of vocal emotion involves a bilaterally distributed network of brain regions; and secondly, that processing of fear-related auditory stimuli involves context-speci®c interactions between the amygdala and other cortical and brainstem regions implicated in fear processing. #
Introduction
Studies of patients with focal brain damage implicate temporal cortex, insula, basal ganglia and ventral prefrontal cortex in the perception and expression of vocal emotion [6,7,13,15±17,23,34,35] . Right hemisphere specialization for vocal emotion processing has been proposed on the basis of right posterior (Wernicke-like) lesions being associated with sensory aprosodias, and right anterior (Broca-like) damage producing expressive de®cits [13, 35] . However, problems with vocal emotion have also been reported with brain pathologies not conforming to this right hemispheric, anterior-posterior categorization [6, 7, 5, 17, 27, 34] . Moreover, a functional imaging study of receptive emotional prosody found activations in right ventral prefrontal cortex rather than the posterior areas predicted by Gorelick and Ross's (1988) model [13] . These data suggest that the neural processing of vocal emotion may have a more complex anatomical distribution than originally proposed. This is congruent with the complexity of paralinguistic and prosodic emotional cues expressed in human vocalizations.
Bilateral amygdala damage has been associated with selectively impaired recognition of fearful and angry vocalizations [37] , providing evidence for functional specialization within neural systems processing vocal emotion. The amygdala, which is implicated in fear conditioning [5, 20, 21, 24] , modulation of startle responses to fear-conditioned stimuli [8] and perception of fearful facial expressions [1, 4, 25, 28] , appears to play a crucial multimodal role in fear processing. There are extensive anatomical connections between the amygdala and prosody-related brain regions, e.g. insula, basal ganglia, temporal and ventral prefrontal cortices [2] , consistent with the suggestion that an interacting network of brain regions is engaged in processing vocal emotion. We are not aware of any study, however, that has addressed the issue of the amygdala's functional interactions during auditory aective processing.
In this study we used positron emission tomography Neuropsychologia 37 (1999) 1155±1163
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